Abstract -Google Trends provides weekly information on keyword search frequency on the Google search engine. Search volume patterns for the search keyword can also be analyzed based on category and by the location of those making the search. Also, Google provides "Hot searches" and "Top charts" including top and rising searches that include the search keyword. All this information is kept up to date, and allows trend comparisons by providing past weekly figures. In this study, we present a predictive model for TV markets using the searched data in Google search engine (Google Trend data). Using a predictive model for the market and analysis of the Google Trend data, we obtained an efficient and meaningful result for the TV market, and also determined highly ranked countries and cities. This method can provide very useful information for TV manufacturers and others.
Introduction
A range of studies have been exploring how data can be used to monitor economic trends. One approach uses search data obtained from Google, which is extremely up to date, to predict the near future based on Google Trends data. Such techniques are called Nowcasting [1] . In [2] , Google Trends data was coupled with an explanation of its potential pitfalls and other caveats, and then patterns of search data from Google Trends were compared with actual statistics from local information, to demonstrate the possible utility of Google Trends.
Google Trends data are measures of the likelihood of searches, and indicate the likelihood of a random user searching for a particular term from a certain location at a certain time. Repeated queries from a single user over a short period of time can be filtered out, to prevent their impact on the overall level of interest. The Trends data are displayed on a scale of 0 to 100 after normalization. In this way, if a particular term was most searched for in the first week of the month, the annual chart of such searches would have a peak of 100 in that week and all other weeks would be displayed as proportions of the volumes of searches for the peak week. The "Search Volume Index" is displayed graphically on the screen but the underlying data can also be downloaded as a CSV file. Google Trend data are Time series data. The Time series was started at the beginning of 2004 and is now provided on a weekly basis. Results for combinations of search terms can also be generated, and the values obtained are scaled and normalized figures [2] .
As the search engine becomes more pervasive, more shoppers are using the Web to collect information about products to purchase and to narrow down the number of selections, especially for expensive products. Knowing the frequency of online searches using a search engine like Google provides a highly accurate and up-to-date but simple way to predict future business. Government data are often released after a lag of months or more, which causes a delay in assessing current economic conditions. Using Google search data and Trends can uncover sales trends before a government publishes economic data by recognizing consumers' interests through an analysis of their online behaviors. There are many examples showing the correlation between search and actual data. For example, the Google trend in searches of the term flu showed strong correlation between the search and real flu patient data [3] . Advances in search engine technology, such as big data analytics technologies, can provide remarkably detailed information about human behaviors. With these technologies, it is now possible to take advantage of (almost) real-time data.
A number of companies presently utilize such methods to make predictions about consumer preferences, supplies and demands for goods, as well as levels of inventory and turnover rates. In addition, many companies, including Amazon, Coca-Cola, and Volvo, are making decisions about their business strategies to achieve tremendous profits from the market.
Among such previous studies, Moe et al. showed that online behaviors can be used to indicate consumers' interest and to predict purchase outcomes [4] . Ginsberg With its ability to collect search queries over time, Google trends data is useful for capturing the intentions of decision makers. In particular, Google trends data provides unprecedented opportunities for making predictions in electronics markets. Google search frequencies can be used as a reliable predictor for underlying electronics market trends both in the present and in the near future, or "Nowcast", using a very simple regression model [1] .
Google Trends
Google is the dominant search engine in the field. People from all around the world use Google because Google's search algorithm is superior. Google now processes more than 60% of all the online queries in the world [6, 12] .
In the present study, we obtained data from Google Trends, which analyzes web searches to compute how many searches have been conducted for certain input terms, and provides weekly and monthly reports on query statistics. Online queries that have been submitted to the Google search engine since 2004 are being captured and categorized into several predefined categories. Queries not within the predefined categories are also captured systematically. It is important to note that the search index from Google Trends does not provide the absolute count of the number of queries. Instead, each Trend is calculated as the search volume for each query in a given geographical location divided by the total number of queries, so the index is always from 0 to 100. Google Trends data is easy to access and up to date.
In our investigation, we did not use a predefined category in Google Trends. We looked at a number of terms in the Google search engine, including TV, Smart TV, LED TV, HD TV and 3D TV. As shown in Fig. 1 , many people conducted searches by just typing 'TV' rather than a more specific topic, such as Smart TV, LED TV, HD TV or 3D TV. Basically, since Google normalized the search frequency data, we did not. The results show that the relative frequencies of searches for Smart TV, HD TV, LED TV and 3D TV were very small in comparison to searches for the general term TV.
Based on previous studies, including the Google flu estimate, which showed that Google Trend data have the potential to predict people's interest over time, we believe that the volume of Google search queries can be used as future economic indicators.
Google Flu Trends
As noted earlier, aggregated Google search data can be used to make weekly estimates of world influenza activity. Although not every person who searches for "flu" is actually sick, some patterns can be found. By comparing Google's query counts and the number of people who were actually reported to have flu symptoms, we can find a close relationship [3, 13] . In the present study, we compared TV search data taken from Google search engine. The study included data collected through September 2013. Specifically, we compared the search terms TV, Smart TV, HD TV, LED TV and 3D TV. As was seen in Fig. 1 , searches for just the general term 'TV' were dominant. The normalized value of The study also examined search data using the names of specific TV manufacturers. As shown in Fig. 3 , Samsung TV is ranked #1 from around 2009. LG and Sony are competing for 2nd place. As seen in Fig. 3 , the search of each TV manufacturer has some seasonality, and shows a local peak at the end of each year. This means that end of the year is usually a heavy shopping season. The Google trend result using the keyword 'TV' has a highly positive correlation with the real market share.
Predictive Model of TV Time Series Data using ARIMA Model
We used the Auto Regressive Integrated Moving Average (ARIMA) [9] as a statistical model, and the model was implemented in R. The ARIMA model is one of the most popular prediction models for future data of a time series. The ARIMA model used in this paper is the same as the well-known model, with the difference being that the Google Trends results for commercial TV were applied to the ARIMA model. Exponential smoothing is useful for making forecasts, and does not make assumptions about the correlations between successive values of the time series data. ARIMA models include an explicit statistical model for the irregular component of a time series data, and this allows for non-zero autocorrelations in the irregular component. ARIMA models are defined for a stationary time series. Hence, if the time series data is nonstationary, to obtain a stationary time series first it is necessary to know the difference in the time series data.
The ARIMA model can make stunning predictions for a market using the Google Trend data, leveraging the trend, auto-correlation and periodicity based on historic information. ARIMA is composed of three parts: an AR (Autoregressive) model, a MA (Moving Average) model and an integrated part. Typically, the ARIMA model can be written as ARIMA (p,d,q) where p is the number of autoregressive terms, d is the order of differencing and q is the number of moving average terms. For example, ARIMA (1,1,0) is a first-order AR model with one order of differencing. In most cases, the best model turns out to be a model that uses either only AR terms or only MA terms. The ARIMA model can be used if data is stationary. To apply the ARIMA model for the non-stationary case, non-stationary data should be transformed by an initial differentiation or logarithm.
Given a time series Y, an AR model of order p is defined as follows:
where Y(t) is the number of views in the t th day. The current value of Y(t) can be found from past values; β 1 ,…,β p are the parameters of the model; and ε is a random shock.
An MA model of order q is defined as follows:
where θ 1 ,…,θ p are the parameters of the model and are again random shocks. The ARIMA model of order (p, q) can be defined with the above equations:
The random shock terms, t ε , are generally assumed to be Gaussian random variables with zero mean and constant variance.
Experiment and Results
For the case using 'TV' as the keyword search on the Google search engine, local maxima are always January of each year, so January 2013, January 2012, January 2011 were the local maxima. The local minima were August 2012, June 2011, July 2010, and July 2009. Hence, we can see that the search data for 'TV' changes seasonally, and increases in January of each year and decreases in summer (June, July or August) of each year. We previously depicted the volume of Google search engine for 'TV'. As can be seen, the graph is not a stationary time series, so we differenced the time series once and plotted the difference series in Fig. 4 .
As shown in Fig. 4 , the search result for 'TV' in the Google search engine is somewhat seasonal and not stationary. From Fig. 5 , the differenced time series looks stationary in mean.
Based on the Auto Correlation Function (ACF) and Partial Auto Correlation Function (PACF), the Moving Average (MA) (1) model is appropriate for the data, as shown in Fig. 6 and Fig. 7 . In the case of ACF, the value at lag 2 exceeded the significance bounds. In the case of PACF, the values at lag 2, 11, 14 and 17 exceeded the significance bounds. The mean forecast error is 0.048. The time series forecast errors have a positive mean rather than a zero mean. Fig. 8 shows the results of the prediction model using an ARIMA model. The blue line represents the Nowcast using the prediction model. The red line represents the results with a 5% significance level. As can be seen in Table 1 , the result is not excellent. MAE is 1.94 and RMSE is 2.82 in the experiment. These numbers should be lower for better results (less than 1 if possible). There is no accurate answer for a prediction using this kind of time series data. While low values (less than 1) are generally a good result, accuracy also depends on the characteristics of the data. In Table 1 , some values are higher than 1 (i.e. RMSE, MAE and MAPE). Although it would be better if the values of RMSE and MAPE were lower, we cannot control those values. They are just the prediction results. Fig. 9 shows the keyword 'TV' search result based on which country the search was conducted in. Pakistan, France and Romania are the top 3 'TV' search countries for this keyword on the Google search engine. Fig. 10 shows the search result for the term 'TV' based on city. Istanbul, Paris and Ankara are the top 3 'TV' search cities on the Google search engine. According to the Google Trends data, the search for 'TV' is hot in Pakistan, France, Romania, Turkey (Country) and Istanbul, Paris, Ankara and Warsaw (City). By using this information, manufacturers could intensify the marketing in these countries and cities immediately to increase revenue. We think that the searched data in Google search engine have a positive relationship with actual sales activity, similar to the case with the Google Flu Trends data. Also, as seen on the prediction model in Fig. 8 , the market for 'TV' might be increasing smoothly. We also investigated other 'TV' related terms such as Smart TV, HD TV, LED TV and 3D TV. The results are shown in Figs. 11, 12, 13 and 14. Fig. 11 shows the TV related term search results, depicting the top 15 countries for each category. For Smart TV, Pakistan, Turkey and Ghana are top 3 in search frequency. For HD TV, United States, South Korea and Germany are the top 3. For LED TV, India, Brazil and Hungary are the top 3. For 3D TV, Brazil, United Kingdom and Hungary are the top 3. All these results were based on current Google searches, which means that if changes should occur due to some issues or policy changes in any country, the changes can be quickly observed. For example, BBC recently announced that they had no further plans for the 3D format after the trial period ended, which would affect the 3D search results in the UK sooner or later. However, overall, compared with the keyword 'TV', the search results for other terms was trivial. The Google Trend data results for Samsung TV, LG TV, Sony TV, Panasonic TV, and Philips TV are shown in Fig.  15 . The graph shows the relative interests of people in the various TV manufacturers.
Conclusion
In this paper, we reviewed search data for the keyword "TV" in the Google search engine and predicted the TV market based on the searched data using the ARIMA model. Also, we were able to estimate target markets based on the frequencies of specific keyword searches on the Google search engine. We began by noting that the Google search trend for the keyword "flu" was correlated with actual flu activity, and we hypothesized that TV markets could be predicted using Google search trends, because specific keyword searches might be correlated with the real market. The future will tell us if this hypothesis is accurate or not. The keyword 'flu' is cited by Google as an example of Google trend data. There is no specific relationship between flu and TV. Search results for the 5 TV brands are very similar to real market share, so we assume it has a relationship.
We found that we could predict the near future of the market for certain home electronic products (e.g., TVs) using Google Trends data.
Google Trends data reveals up to date trends among people, based on their keyword search activity. This method might be applied to other products (e.g., refrigerators, cell phones, etc.) or fields (e.g., home sales, diseases, etc.). Through analysis of the Google Trend data, it is also possible to determine search activity and different trends based on country and city for keywords searched in the Google search engine. As a result, it is possible to find useful market trends or economic information by watching the Google search trend. For example, the method might be used to predict daily price moves in the Dow Jones industrial average. The search results of Google Trends will change as time goes by because the searches will be different based on various factors.
The method proposed in this study based on the correlation between Google Trends and real market share may be useful in predicting future market trends, and addressing them appropriately. For example, by intensifying marketing in regions showing a high search frequency for certain products, the sales of the item (such as TVs) might be increased.
